The Grande Coupure represents a major terrestrial faunal turnover recorded in Eurasia associated with the overall climate shift at the Eocene-Oligocene transition. During this event, a large number of European Eocene endemic mammals became extinct and new Asian immigrants appeared. The absolute age of the Grande Coupure, however, has remained controversial for decades. The Late Eocene-Oligocene continental record of the Eastern Ebro Basin (NE Spain) constitutes a unique opportunity to build a robust magnetostratigraphybased chronostratigraphy which can contribute with independent age constraints for this important turnover. This study presents new magnetostratigraphic data of a 495-m-thick section (Moià-Santpedor) that ranges from 36.1 Ma to 33.3 Ma. The integration of the new results with previous litho-bio-and magnetostratigraphic records of the Ebro Basin yields accurate ages for the immediately pre-and postGrand Coupure mammal fossil assemblages found in the study area, bracketing the Grande Coupure to an age embracing the Eocene-Oligocene transition, with a maximum allowable lag of 0.5 Myr with respect to this boundary. The shift to drier conditions that accompanied the global cooling at the Eocene-Oligocene transition probably determined the sedimentary trends in the Eastern Ebro Basin. The occurrence and expansion of an amalgamated-channel sandstone unit is interpreted as the forced response of the fluvial fan system to the transient retraction of the central-basin lake systems. The new results from the Ebro Basin allow us to revisit correlations for the controversial Eocene-Oligocene record of the Hampshire Basin (Isle of Wight, UK), and their implications for the calibration of the Mammal Palaeogene reference levels MP18 to MP21.
Introduction
The Grande Coupure was defined by Stehlin (1910) as a major faunal turnover affecting continental vertebrate faunas across Europe occurring close to the Eocene-Oligocene boundary. During this event, a large number of the European Eocene endemic mammals became extinct and new Asian immigrants appeared Berggren and Prothero, 1992; Prothero, 1994; Hooker et al., 2004) . Only a few families (among them the rodents Theridomyidae and Gliridae) crossed the faunal divide undiminished. Several causes have been proposed as the triggering mechanism for the Grande Coupure; 1) climate deterioration at the Eocene-Oligocene transition (Hartenberger, 1973; Legendre and Hartenberger, 1992) ; 2) dispersal from outside the main European landmasses (as for instance, through the closing of the Turgai strait which connected continental Europe and Asia during the Eocene; Legendre, 1987; Berggren and Prothero, 1992; Janis, 1993; Prothero, 1994; Akhmetiev and Beniamovski, 2009) ; and 3) a combination of climate change (cooling) and competition following dispersal into Europe . Most recent studies support the idea that climate exercised the prime control on faunal turnover (Joomun et al., 2008) , as important crises are recorded in North America (Berggren and Prothero, 1992; Prothero and Swisher, 1992) and Asia (Meng and McKenna, 1998) at apparently the same age. However, despite the consensus among vertebrate palaeontologists on the correlation between the Grande Coupure and the Eocene-Oligocene transition, the precise absolute chronology of this crucial record of the Earth history has remained controversial for decades (Legendre, 1987; Tobien, 1987; Berggren and Prothero, 1992; Legendre and Hartenberger, 1992; Köhler and Moyà-Solà, 1999; and references therein) .
In this context, a relevant stratigraphic record is found in the Hampshire Basin of the Isle of Wight (UK), where stratigraphic superposition of marine and continental strata provide direct calibration points with the standard marine chronostratigraphy . However, in spite of its ideal stratigraphic setting, the age of the Grande Coupure as recorded in the Solent Group has left contrasting results Gale et al., 2006 Gale et al., , 2007 . There, the correspondence between the Grande Coupure and the Eocene-Oligocene transition as proposed by Hooker et al. (2004) was subsequently challenged after an integrated magnetostratigraphy and cyclostratigraphy analysis (Gale et al., 2006) , yielding a substantially different age (N2 Ma younger) for the Grande Coupure. Results of Gale et al. (2006) were questioned and, more recently, its magnetostratigraphic correlation re-interpreted ).
The late Eocene-Oligocene sedimentary record of the central areas of the Eastern Ebro Basin (NE Spain) fully meets the basic requirements of stratigraphic continuity, steady sedimentation, and mammal sites occurrence to build a magnetostratigraphy-based high-resolution continental chronology, as a tool to reliably link marine and continental time scales. In this paper, a new precise chronology across the continuous Eocene-Oligocene continental record in the Ebro Basin is provided. The new chronology further supports the close correlation between the dramatic terrestrial faunal turnover known as the Grande Coupure and the global climate changes that occurred at the Eocene-Oligocene transition.
Geological and stratigraphical setting

The Ebro Basin
The Ebro Basin (Fig. 1 A) represents the latest evolutionary stage of the South Pyrenean foreland system, formed as a result of the collision between the Iberian and the European plates (Muñoz, 1992; Vergés et al., 2002) . The basin infill is dominated by continental sediments, interfingered by two widespread marine units of Ilerdian and Lutetian-Bartonian age (Ferrer, 1971; Riba et al., 1983; Puigdefàbre-gas and Souquet, 1986; Serra-Kiel et al., 2003; Pujalte et al., 2009) . Marine connection of the Ebro Basin was maintained until the Priabonian (Costa et al., 2010) , when the tectonic uplift of the western Pyrenees led to the closing of the basin drainage. Since then, uninterrupted late Eocene to middle Miocene continental sedimentation progressively filled the basin and eventually, backfilled onto the thrust-belt margins (Riba et al., 1983; Coney et al., 1996) . In the central areas of the basin, this sedimentation was continuous and consisted of lacustrine deposits interfingering red clastic intervals that correspond to the medial-distal parts of fluvial fans draining from the basin margins (Anadón et al., 1989; Arenas et al., 2001; Luzón et al., 2002; Ortí et al., 2007; Sáez et al., 2007; Cuevas et al., 2010) .
In the Eastern Ebro Basin, the late Eocene-Oligocene continental succession overlies marine sediments of the Santa Maria Group (Ferrer, 1971; Pallí, 1972; Serra-Kiel et al., 2003) and the halitedominated Cardona Formation (including its lateral equivalents La Noguera, Artés, and Òdena evaporitic units) ( Fig. 1B and C) . Integrated calcareous nannofossil and magnetostratigraphic data from the youngest marine units have yielded a Priabonian age (Cascella and Dinarès-Turell, 2009) , and the marine-continental transition has been precisely dated at~36.0 Ma based on magnetostratigraphy (Costa et al., 2010) . After the basin closure (Fig. 1B) , the lower continental record in the study area corresponds to the Montserrat-Igualada Agustí et al. (1987) , Anadón et al. (1987 Anadón et al. ( , 1992 , Sáez (1987) , Arbiol and Sáez (1988) . The lithostratigraphic correlation between the Moià and the Santpedor sections was established using the distinctive limestone beds of the Moià Limestone Member (Based in Sáez, 1987; Sáez et al., 2007) . Map coordinates are in UTM projection, ED50 / zone 31.
fluvial fan (Sáez, 1987; Fig. 1A for location) that comprises the alluvial sediments of the Artés Formation (Ferrer, 1971 ) and the lacustrine limestones of the Moià Member of the Castelltallat Formation (Sáez, 1987; Sáez et al., 2007) . Late Eocene (Sant Cugat de Gavadons) to Early Oligocene (Santpedor) vertebrate fossil assemblages have been reported in the basal sediments of the Artés Formation Anadón et al., 1987 Anadón et al., , 1992 Sáez, 1987; Arbiol and Sáez, 1988) . Younger units south westwards have provided a complete Oligocene magnetostratigraphic record which contributed to the age calibration of the Western Europe MP mammal biochronology (Barberà, 1999; Barberà et al., 2001 ).
The Moià-Santpedor composite section
The medial-distal fluvial fan deposits of the Artés Formation consist of about 1000 m of red mudstones with some intervals of fluvial channel sandstones. One of these sandstone intervals is the Santpedor sandstone unit (Sáez, 1987) . The Santpedor sandstone unit is composed of amalgamated incised channelled sandstone to gravelly sandstone beds, sourced from the Catalan Coastal Ranges (Sáez, 1987) . This competent unique 20-m-thick coarse-grained unit is a continuous and extensive (traceable over most of the eastern margin of the Ebro Basin) key bed despite its variable thickness due to its erosive fluvial origin. Also intercalated into the Artés Formation, the 100-m-thick Moià Member consists of decimetre to metre-thick beds of lacustrine micritic limestone gently dipping b10°to the NW. In this sedimentary record, two sections (Moià and Santpedor) were sampled for magnetostratigraphy. A solid correlation between sections was established using the limestone key beds present in the Moià Member, yielding a 495-m-thick composite succession (see Fig. 1B and C) .
Mammal biochronological constraints within the studied sections include the Late Eocene site of Sant Cugat de Gavadons and the Early Oligocene site of Santpedor (Fig. 1B and C) . The Sant Cugat de Gavadons fossil site is located 4 km NE from Moià and can be correlated with the studied section according to Anadón et al. (1987) . Its faunal assemblage is included in the Theridomys golpeae Biozone of the local biozonation of the Ebro Basin, and correlated to the preGrande Coupure MP19-20 European reference level Anadón et al., 1987 Anadón et al., , 1992 Sáez, 1987; Arbiol and Sáez, 1988) . More recently, Hooker et al. (2009) suggested an alternative correlation of the Sant Cugat de Gavadons, as well as the Rocafort de Queralt , with MP18, arguing that none of the taxa in these sites is diagnostic of the MP19-20, and most of them range at least from the MP18 to the MP20.
Of particular relevance for this study is the Early Oligocene (MP21) fauna of Santpedor. According to Agustí et al. (1987) , Anadón et al. (1987 Anadón et al. ( , 1992 , Sáez (1987) , and Arbiol and Sáez (1988) the Santpedor fossil site contains Theridomys aff. aquatilis, Gliravus aff. priscus, Pseudoltinomys gaillardi, Eucricetodon atavus, Plagiolophus annectens, Palaeotherium medium and an undetermined Anoploteridae. This fossil site is directly located in the upper part of the Santpedor section only a few meters above the Santpedor sandstone unit (Figs. 1B and C).
Palaeomagnetic analysis
Sampling and methods
A total of 191 palaeomagnetic sites were sampled at a mean resolution of about 2.6 m, which is sufficient to allow a complete identification of the Upper Eocene-Lower Oligocene geomagnetic polarity reversals considering mean accumulation rates of about 10-15 cm/kyr reported in neighbouring areas of the Ebro Basin (Vergés et al., 1998; Barberà et al., 2001 ). Fine-grained sediments are abundant through the section, and sampling was focused on both red mudstones and white micritic limestones. At least, 2 oriented cores per site were obtained with an electrical portable drill and oriented in situ using a magnetic compass with inclinometer.
The palaeomagnetic analyses consisted in stepwise thermal demagnetization of the natural remanent magnetization (NRM) of at least one sample per site. In order to characterize the magnetic carriers, additional alternating field (AF) demagnetization of the NRM and progressive IRM acquisition and subsequent three-axial IRM demagnetization were conducted in a selected set of samples. Measurements of the magnetic remanence were performed using 2G superconducting rock magnetometers at the Palaeomagnetic Laboratories of the universities of Barcelona (Serveis Cientificotèctics UB-CSIC) and Utrecht. Stepwise thermal demagnetization was conducted in a Schönstedt TSD-1 thermal demagnetizer and a laboratory-built furnace (Utrecht) at intervals ranging between 10°C and 50°C and up to a maximum temperature of 680°C. Magnetic susceptibility was also measured after each demagnetization step using a KLY-2 magnetic susceptibility bridge (Geofizika Brno). AF demagnetization, performed in an ASC D-Tech2000 alternating field demagnetizer, included a maximum of 12 steps with intervals of 5 mT, 10 mT, 20 mT and 50 mT up to 200 mT. Progressive IRM acquisition was carried out by means of an ASC IM10-30 pulse magnetizer up to a maximum pulse field of 1200 mT. Following Lowrie (1990) , three fields of 1200 mT, 300 mT and 60 mT were respectively applied in the z, y and x sample axis for the subsequent thermal demagnetization of the samples.
Magnetic properties
The Zijderveld plots and the IRM experiments (Fig. 2) show that the behaviour of the NRM is related to lithology. In the white limestone samples ( Fig. 2A-D ) the NRM consist of two magnetic components: a viscous component and a high temperature stable component. The viscous component is unblocked at temperatures below 240°C to 310°C and parallels the present day field. The stable component, which yields maximum unblocking temperatures near 400°C, shows both normal and reversed polarities and has been considered the characteristic remanent magnetization (ChRM). These two components are also observed in the AF demagnetization (Fig. 2B) , being the samples completely demagnetized at peak fields of 60 mT. The saturation of the IRM of the white limestone samples is not achieved at the maximum fields of 1200 mT, but 80% of the remanence is achieved at relative low fields~100 mT (Fig. 2C ) and the soft component fraction (60 mT) demagnetizes completely below 480°C (Fig. 2D) . The NRM unblocking temperatures and coercivity spectra, together with the IRM acquisition and demagnetization data suggest the presence of magnetite as the principal magnetic carrier in the white limestone samples.
In the red bed samples ( temperatures and the coercivity spectra, the magnetic fraction is dominated by haematite. Grain-size dependence of rock-magnetic properties in natural haematite as well as correspondence with remanence acquisition mechanisms in red beds has been reported in Dekkers and Linssen (1989) . Therefore, the presence of two distinct magnetic components carried by haematite could be related to a bimodal grain-size distribution. Coarse-grained detrital haematite grains could be the carrier of the high-temperature ChRM, whereas fine-grained haematite cement would be responsible for the intermediate component acquired in a later burial stage. The nature and origin of this intermediate component will be discussed further (see Section 5.1.).
Magnetic stratigraphy of Moià-Santpedor
Palaeomagnetic components were calculated by means of least squares analysis (Kirschvink, 1980) . The normal and reversed ChRM directions yield antipodal Fisherian means (Fig. 3 A) which conform to the palaeomagnetic references for the Late Eocene to Early Oligocene (Barberà, 1999; Costa et al., 2010) . The reversed secondary component yielded a mean value which is also concordant with the ChRM mean direction (Fig. 3B) .
ChRM directions were used to compute the latitude of the virtual geomagnetic pole (VGP) in order to obtain a local magnetic stratigraphy of the Moià-Santpedor composite section (see Supporting Table 1 ). Magnetozones were defined by at least two adjacent palaeomagnetic sites with the same polarity. Single-site reversals were denoted as half bar magnetozone in the local magnetostratigraphy, but were not used for magnetostratigraphic correlation purposes. Because of the existence of a widespread secondary magnetization of reversed polarity, we were cautious in the interpretation of stratigraphic intervals with alternating normal and reversed polarities. After the exclusion of these unreliable short events, a total of 7 magnetozones have been recognised along the 495-m-thick Moià-Santpedor local magnetostratigraphy (Fig. 4) .
Correlation with the geomagnetic polarity time scale
A unique correlation of the local magnetostratigraphy of Moià-Santpedor with the Geomagnetic Polarity Time Scale (GPTS) 2004 (Gradstein et al., 2004) can be put forward on the basis of the available litho-and chronostratigaphic constraints (Fig. 5) . First, the age of the marine-continental transition in the Ebro Basin, recorded at the bottom of the studied sections, has been recently correlated with chron C16n, at about 36 Ma, Priabonian (Costa et al., 2010) . Second, a lithostratigraphic correlation between the Moià-Santpedor and the Maians-Rubió sections (Fig. 5 A and B) is feasible on the basis of the cartographic expression of the Santpedor sandstone unit.
The best fit of our composite magnetostratigraphy with the GPTS (Gradstein et al., 2004 ) is established by correlating with the range of chrons C16n.2n to chron C13n of the Late Eocene-Early Oligocene (Fig. 5) . The short reversed magnetozone R1 correlates to C16n.2r, a subchron which was not confidently identified in the Maians-Rubió local magnetostratigraphy of Costa et al. (2010) . Average sedimentation rates of about 20 cm/kyr are calculated for the Moià-Santpedor composite section, in close agreement with the observed trends in late Eocene-early Oligocene sections of the Eastern Ebro Basin (Barberà et al., 2001; Costa et al., 2010 ; Fig. 5 B, D and E).
Discussion
The sedimentary record of the Eocene-Oligocene transition in the Ebro Basin
According to the new magnetostratigraphic data and the derived average sedimentation of the Moià-Santpedor composite section (Fig. 5 E) , the Eocene-Oligocene boundary can be placed by interpolation at~80 m below the Santpedor fossil locality (see Figs. 4 and 5). 30 meters above the Eocene-Oligocene boundary and coinciding with the base of the chron C13n, the Santpedor sandstone unit occurs. This unit, which is interbedded within the red mudstonedominated distal fluvial fan succession marks a progradation of the overall fluvial fan systems, as it is also recognised southwestwards in the Montclar-Rocafort fluvial fan succession as a sharp transition from lacustrine to alluvial deposits ( Fig. 5; Fig. 1 A for Montclar-Rocafort fluvial fan location).
The age correspondence with the base of the chron C13n, and thus to the Oi-1 event (Katz et al., 2008) advocates a climate control on the expansion of the Santpedor sandstone unit (Figs. 5 and 7) . Sedimentological data suggest that climate forcing was transmitted by a drop in the base level of the basin, similar to those described in the fluvial fan deposits of the Pyrenean margin (Sáez et al., 2007) . The retraction of the central-basin lake systems and the basinwards expansion and incision of the fringing fluvial fans is interpreted as a response to the aridification process that accompanied the Late Eocene-Oligocene global cooling. Evidences of this palaeoenvironmental aridification are found in the Late Eocene Ebro Basin palaeofloral record (Cavagnetto and Anadón, 1996; Barberà et al., 2001) as well as in vast regions of Eurasia (Collinson and Hooker, 2003; Dupont-Nivet et al., 2007; Akhmetiev and Beniamovski, 2009) .
Environmental changes occurring during the Eocene-Oligocene transition probably affected early burial diagenetic conditions in the alluvial sediments of the Ebro Basin. A consequence of shifting burial conditions could be the pervasive reversed-polarity secondary magnetization found in this study (Fig. 3 B and open symbol in Fig. 4 ; see Section 3.2.), as well as in the late Eocene sediments of the Maians-Rubió section (Costa et al., 2010) . The fact that no equivalent signatures are reported in the younger Oligocene sediments in the Ebro Basin lead us to suggest that this single-polarity secondary magnetization is linked to a unique event. It is hypothesized that deepening of the phreatic levels could have enhanced the acquisition of a late magnetization via renewed oxidation of buried sediments, and precipitation of haematite cement in sediment porosity. Examples of a secondary magnetization linked with the drop of phreatic levels are found in the younger Messinian sediments of the Fortuna Basin (Garcés et al., 2001) .
The age of the Grande Coupure
The magnetostratigraphy-based chronology of the Moià-Santpedor section allows the establishment of a reliable chronostratigraphy of the late Eocene to the early Oligocene continental record of the Eastern Ebro Basin. These results provide an age of 33.4 Ma (within the chron C13n) for the Santpedor fossil site, supporting an earliest Oligocene age, as envisaged from its biochronological ascription Anadón et al., 1987 Anadón et al., , 1992 Sáez, 1987; Arbiol and Sáez, 1988) . Likewise, the age of the pre-Grande Coupure site of Sant Cugat de Gavadons can be estimated to about 34.5 Ma. These results bracket the Grande Coupure to an age interval embracing the Eocene-Oligocene boundary, dated at 33.9 Ma (Gradstein et al., 2004) . Further, the Santpedor fossil assemblage is of special interest because of the rare coexistence of pre-and post-Grande Coupure fauna Hooker et al., 2009 ). Thus, if Santpedor is to be considered among the oldest post-Grande Coupure records, a (maximum) lag of 0.5 Myr relative to the Eocene-Oligocene boundary is determined.
Correlation between the Ebro and the Hampshire basins
The age of the Grande Coupure in the Hampshire Basin (Isle of Wight, UK) has become controversial since Gale et al. (2006) provided the Solent Group succession with a first magnetostratigraphy (Gale et al., 2006 (Gale et al., , 2007 Hooker et al., 2007 Hooker et al., , 2009 . For the sake of clarity, we summarize in Fig. 6 all the alternative magnetostratigraphic correlations of the Solent Group succession with the GPTS (Gradstein et al., 2004) . Gale et al. (2006) substantiated their correlation according solely to the presence of diagnostic nannofossils Discoaster saipanensis and Ismolithus recurvus of the Zone NP19-20 in the Brockenhurst Bed, located at the base of the sampled section (Fig. 6 A) . Following this constraint, they correlated the lower thick normal magnetozone to the chron C15n and found a best match by correlating their Bembridge Normal Polarity Zone (BNPZ) to the chron C13n. This correlation yielded an age for the Grande Coupure (MP20-MP21 boundary) about 2 Myr younger than the Eocene-Oligocene boundary, being in apparent contradiction with previous chronostratigraphic interpretations of the Solent Group succession Hooker et al., 2004) .
Alternative correlations for the Solent Group succession were put forward in order to reconcile magnetostratigraphy and mammal biochronology (Fig. 6 B and C) . Hooker et al. (2009) favoured a correlation of the basal normal magnetozone in the Solent Group succession with chron C16n since this option was also in accordance with the range of the Zone NP19-20 (Gradstein et al., 2004) . Hooker et al. (2009) also proposed the correlation of the BNPZ to C13r.1n, a short subchron not present in the GPTS 2004 (Gradstein et al., 2004) , but recorded at Site 1090 of the South Atlantic Ocean (Channell et al., 2003) . The existence of subchron C13r.1n, however, is controversial since it has not been recorded in other high- (Gradstein et al.; , 2004 ) with indication of the vertebrate localities and their corresponding MP reference levels Anadón et al., 1987 Anadón et al., , 1992 Sáez, 1987; Arbiol and Sáez, 1988; Barberà et al., 2001 Barberà et al. (2001) . The Jorba-La Panadella lithostratigraphic section (C) (Feist et al., 1994) correlates the Maians-Rubió composite section (B) of Costa et al. (2010) with the Rocafort-Vinaixa section of Barberà et al. (2001) The regional significant Santpedor sandstone unit has been used to correlate the Moià-Santpedor composite section with the magnetostratigraphic composite sections of Maians-Rubió (Costa et al., 2010) and Rocafort-Vinaixa . (E) accumulation curves and the mean sedimentation rates derived from the proposed correlation of the Moià-Santpedor local magnetostratigraphy are also compared to the values for the Maians-Rubió (Costa et al., 2010) and Rocafort-Vinaixa ).
resolution records elsewhere (Lowrie and Lanci, 1994; Lanci et al., 1996; Parés and Lanci, 2004) . The correlation proposed by Hooker et al. (2009) yields a considerable mismatch with the pattern of chrons of the GPTS since a short, single-site magnetozone is correlated with chron C15n while the thicker BNPZ is correlated with C13r.1n, a short event of unknown nature (cryptochron or subchron), duration and age (Fig. 6 C) . Further arguments to constrain the correlation of the BNPZ with the GPTS rely on the biomagnetostratigraphic record of the Ebro Basin ) and the biochronological interpretation of the Sant Cugat de Gavadons mammal site. As discussed above (Section 2.2.), Hooker et al. (2009) assigned to this locality a MP18 age, while the magnetostratigraphy of the Moià-Santpedor composite section dictates a correlation of this site with chron C13r. Since the BNPZ in the Solent Group succession is found associated to fossil sites of MP19 age, Hooker et al. (2009) derived that BNPZ must correlate to a normal subchron within C13r (Fig. 6 C) .
It must be noted, however, that consensus on the biochronological significance of Sant Cugat de Gavadons is not yet reached. The endemism affecting fossil assemblages of the Ebro Basins (Badiola et al., 2009 ) has possibly hampered the establishment of a robust biochronology linking both regions. Therefore, it is worth considering the alternate scenario where Sant Cugat de Gavadons is assigned to MP19-20, following Agustí et al. (1987) , Anadón et al. (1987; and Badiola et al. (2009) . Under this assumption, a correlation of the BNPZ with chron C15n is derived (Fig. 6 D) , leaving uninterpreted (unreliable) all single-site normal magnetozones in the Solent Group succession (Fig. 6 D) . Such alternative was already analysed by Gale et al. (2007) in their reply to Hooker et al. (2007) , but rejected arguing that the magnetostratigraphic data from the Ebro Basin were not as reliable to be taken into account (Gale et al., 2007) .
Implications for the European land mammal chronology
This paper contributes to further support to the magnetostratigraphybased chronological framework of the Eocene-Oligocene sedimentary record of the Ebro Basin . Its significance for the calibration of the European Land Mammal chronology should be discussed in the light of the endemism of Iberian faunas with respect to the central European MP reference levels (Badiola et al., 2009) . Regarding the Late Eocene, the uncertain biochronological assignment of the fossil assemblage of Sant Cugat de Gavadons has led to two alternative correlations of the Solent Group succession in the Hampshire Basin (Fig. 7, see discussion above) . Option A follows Hooker et al. (2009) , and results in a calibration of the MP19, MP20 and MP21 units within a very short-ranged time span. In Option B the alternative correlation of the Solent Group succession with the GPTS 2004 (Gradstein et al., 2004) as discussed in Section 5.3. is considered. Option B assigns a longer duration for the MP zones with the MP18 and MP19 zones pinned down to an age older than the presently accepted (Schmidt-Kittler, 1987; Aguilar et al., 1997) . Earlier calibrations constrained the age of the MP20 reference level to a short period of 200 kyr at precisely the latest Eocene (Schmidt-Kittler, 1987; Aguilar et al., 1997) . Based on limits derived from Option B, MP20 is correlated within chron C13r, but its exact age and duration is not so tightly constrained (Fig. 7) .
Finally, a minimum age of 33.4 Ma is determined for the MP21 reference level, based on the calibration of the locality of Santpedor in the Ebro Basin (Fig. 7) . The MP21 locality high in the Hampshire Basin succession (Ham 4-6) does not provide further constraints since it lacks magnetostratigraphy (Fig. 6) . This lead to the conclusion that, considering the magnetostratigraphy-based ages of the MP20 and MP21 reference levels, the Grande Coupure lags the Eocene- Oligocene boundary by a maximum of 0.5 Myr as shown with the grey-shaded areas in Fig. 7 .
Conclusions
New magnetostratigraphic data of the 495-m-thick Moià-Santpedor composite section, together with previous bio-and magnetostratigraphic studies in the Ebro Basin; confirms an earliest Oligocene age (~33.4 Ma) for the post-Grande Coupure Santpedor fossil site. This, in turn supports the close correlation between the dramatic terrestrial faunal turnover known as the Grande Coupure and the Eocene-Oligocene transition, with a (maximum) lag of time of 0.5 Myr. As in other Eocene-Oligocene records of Eurasia, in the Eastern Ebro Basin, the Grande Coupure might coincide with a shift to drier climatic conditions, as it has been deduced from sedimentological evidences, which includes incision of fluvial fan channel deposits as a consequence of the drop of the base level at a regional scale.
The precise Eocene-Oligocene continental chronology of the Ebro Basin allows an alternative interpretation of the Hampshire Basin sedimentary record (Isle of Wight, UK) which reconciles all the available marine and continental biostratigraphy from the Solent Group succession. From the integration of the Ebro and Hampshire basin records, a magnetostratigraphy-based calibration of the Late Eocene-Oligocene European mammal biochronology (MP reference levels) has resulted.
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